Introduction {#section5-2045125320937908}
============

The antipsychotic medication, clozapine, has the most convincing evidence for benefit in treatment-resistant schizophrenia and there are indications that it can reduce aggression, suicidality and mortality in schizophrenia.^[@bibr1-2045125320937908][@bibr2-2045125320937908]--[@bibr3-2045125320937908]^ Weighing up the risks and benefits of clozapine treatment in any individual involves the assessment of adverse effects. These include several uncommon but serious problems, such as neutropenia/agranulocytosis, myocarditis/cardiomyopathy,^[@bibr4-2045125320937908],[@bibr5-2045125320937908]^ pneumonia^[@bibr6-2045125320937908]^ and seizures. In addition, there are side effects that may become serious if overlooked, such as constipation,^[@bibr7-2045125320937908][@bibr8-2045125320937908]--[@bibr9-2045125320937908]^ weight gain and metabolic syndrome,^[@bibr10-2045125320937908],[@bibr11-2045125320937908]^ and others that are potentially discomfiting or distressing such as hypersalivation, sedation, orthostatic hypotension and nocturnal enuresis.^[@bibr12-2045125320937908]^ Clozapine is associated with high rates of cardio-metabolic risk factors which may be both under-detected and under-treated.^[@bibr13-2045125320937908]^ The prevalence of specific side effects changes during the course of treatment, and effective monitoring of clozapine side effects should take this into account.

Aside from the mandatory haematological monitoring, guideline recommendations for clinicians for the physical health and side-effect monitoring of patients prescribed clozapine treatment are not entirely consistent.^[@bibr14-2045125320937908]^ While the elements of screening and on-treatment monitoring relating to body weight, plasma lipids, glycaemic control, blood pressure and heart rate are included in most relevant protocols, monitoring for clozapine-induced cardiotoxicity using measures of C-reactive protein (CRP), creatine kinase (CK) or troponin is not universally accepted as part of a routine protocol, and while electrocardiography is commonly recommended, echocardiography rarely is.^[@bibr14-2045125320937908][@bibr15-2045125320937908]--[@bibr16-2045125320937908]^

The Prescribing Observatory for Mental Health (POMH-UK) coordinates audit-driven quality improvement (QI) programmes addressing aspects of prescribing practice in adult mental health services. In 2019, the baseline audit was conducted for a QI programme on the use of clozapine, one aim of which was to determine compliance with evidence-based practice standards for monitoring of physical health, aside from the obligatory haematological monitoring for neutropenia and agranulocytosis.

Methods {#section6-2045125320937908}
=======

All 64 POMH-UK member trusts and healthcare services were invited to participate in the baseline clinical audit of the QI programme. The data collection tool was designed to capture information related to performance against practice standards derived from the National Institute for Health and Care Excellence (NICE) Clinical Guideline CG178, '*Psychosis and schizophrenia in adults: prevention and management*'^[@bibr17-2045125320937908]^ and '*The Maudsley prescribing guidelines in psychiatry*', 13th edition.^[@bibr18-2045125320937908]^ Four of these standards referred to monitoring of physical health and adverse effects: pretreatment screening should include physical examination with assessment of the cardiovascular system; monitoring in the first 2 weeks of treatment should include at least daily assessment of temperature, blood pressure and heart rate; in the first month of treatment there should be at least weekly assessment for common side effects, such as cardiac symptoms, hypotension, constipation and weight gain; patients established on clozapine treatment for more than 1 year should have an annual medication review, taking account of therapeutic response and recognised side effects. In addition, the data collected from clinical records included psychiatric diagnoses, other psychotropic medication prescribed, the reasons for the initiation of clozapine treatment, whether clozapine was prescribed outside of its licensed indication ('off-label') and clozapine treatment history.

In each participating trust and healthcare service, the data were collected by clinicians and clinical audit staff on a sample of eligible patients (prescribed clozapine and under the care of adult mental health services) and submitted pseudonymously online to POMH-UK using Formic software.^[@bibr19-2045125320937908]^ Ethical approval was not required for such audit-based QI initiatives.^[@bibr20-2045125320937908]^

The data were analysed using SPSS.^[@bibr21-2045125320937908]^

Results {#section7-2045125320937908}
=======

A total of 872 clinical teams in 63 NHS trusts/healthcare organisations in the UK participated in the baseline audit, submitting pseudonymous data relating to the treatment of 6948 patients, all of whom were prescribed clozapine under the care of adult mental health services. [Table 1](#table1-2045125320937908){ref-type="table"} shows the demographic and clinical characteristics of these patients; 481 had been receiving clozapine for 18 weeks or less (usually subject to weekly haematological monitoring), 559 had been receiving clozapine for longer than 18 weeks but less than 1 year (usually fortnightly haematological monitoring) and 5908 had been prescribed clozapine for longer than 1 year (usually monthly haematological monitoring).

###### 

Demographic and clinical characteristics of the total national sample (*n* = 6948) at the baseline audit.

![](10.1177_2045125320937908-table1)

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Demographic and clinical characteristics                                                        6948 adult patients\                                                              
                                                                                                  *n* (%)                                                                           
  ----------------------------------------------------------------------------------------------- ------------------------------------------ -------------------------------------- -----------
  Gender                                                                                          Male                                       4857 (70)                              

                                                                                                  Female                                     2091 (30)                              

  Age                                                                                             Median age in years                        44                                     

                                                                                                  Range in years                             16--90                                 

  Ethnicity                                                                                       White/White British                        5477 (79)                              

                                                                                                  Asian/Asian British                        491 (7)                                

                                                                                                  Black/Black British                        405 (6)                                

                                                                                                  Mixed or other                             372 (5)                                

                                                                                                  Not collected/stated/refused               203 (3)                                

  Clinical diagnosis: ICD-10 category (for at least 1% of the sample)                             Schizophrenia spectrum disorder (F20-29)   6571 (95)                              

  Disorder due to psychoactive substance use (F10-19)                                             363 (5)                                                                           

  Borderline/emotionally unstable personality disorder (F60.3)                                    312 (5)                                                                           

  Personality disorder other than borderline/emotionally unstable personality disorder (F60-69)   173 (3)                                                                           

  Learning disability (F70-79)                                                                    169 (2)                                                                           

  Neurotic, stress-related and somatoform disorders (F40-48)                                      149 (2)                                                                           

  Affective disorder, other than bipolar disorder (F30-39)                                        128 (2)                                                                           

  Disorder of psychological development (F80-89)                                                  94 (1)                                                                            

  Bipolar disorder (F31)                                                                          67 (1)                                                                            

  Patient status                                                                                  Inpatients                                 Detained under the Mental Health Act   1459 (21)

                                                                                                                                             Informal status                        160 (2)

                                                                                                  Outpatients/community patients             Community Treatment Order              287 (4)

                                                                                                                                             No Community Treatment Order           5042 (73)

  Clinical service (for at least 1% of the sample)                                                Community mental health team               5152 (74)                              

  Forensic inpatient team                                                                         823 (12)                                                                          

  Inpatient rehabilitation service                                                                415 (6)                                                                           

  Acute adult inpatient team                                                                      311 (4)                                                                           

  Forensic community team                                                                         111 (2)                                                                           

  Early intervention service                                                                      89 (1)                                                                            

  PICU inpatient team                                                                             42 (1)                                                                            

                                                                                                  Home treatment/crisis team                 38 (1)                                 
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ICD, international classification of diseases; PICU, psychiatric intensive care unit.

Pretreatment screening {#section8-2045125320937908}
----------------------

Pretreatment measures of blood pressure, heart rate, body weight/body mass index (BMI), plasma lipid levels, plasma glucose or glycated haemoglobin (HbA1c) and a general physical examination were reported for the subsample of 481 patients treated with clozapine for fewer than 18 weeks. [Figure 1](#fig1-2045125320937908){ref-type="fig"} shows that baseline measures for blood pressure and heart rate were documented in almost all of these patients (97% and 95%, respectively), body weight had been recorded in 83%, plasma lipid levels in 81%, plasma glucose or HbA1c in 80%, and a general physical examination was documented as having been conducted in 79%. A baseline electrocardiogram (ECG) had been conducted in 90% of cases.

![Documented pretreatment measures of blood pressure, pulse rate, body weight, plasma lipids, plasma glucose and a general physical examination in 481 patients who had been treated with clozapine for fewer than 18 weeks.\
BMI, body mass index; HbA1c, haemoglobin A1c.](10.1177_2045125320937908-fig1){#fig1-2045125320937908}

Monitoring in the first 2 weeks of clozapine treatment {#section9-2045125320937908}
------------------------------------------------------

Of the subsample of 481 patients who were undergoing weekly haematological monitoring, 31 had been receiving treatment for fewer than 2 weeks and were therefore excluded from the analysis of data relating to monitoring in the first 2 weeks of clozapine treatment. For the 450 eligible patients, [Figure 2](#fig2-2045125320937908){ref-type="fig"} shows that during the first 2 weeks of clozapine treatment there was documented daily measurement of body temperature in 77% and measurement less frequently than daily in an additional 13%. For both heart rate and blood pressure, the respective figures were 82% and 11%.

![Documented daily measurements of temperature, pulse rate and blood pressure in the first 2 weeks of clozapine treatment in 450 patients who had been treated with clozapine for between 2 weeks and 18 weeks.](10.1177_2045125320937908-fig2){#fig2-2045125320937908}

Monitoring of side effects in the first 18 weeks of treatment {#section10-2045125320937908}
-------------------------------------------------------------

Several tests relevant to cardiovascular side effects were documented in the clinical records of the subsample of 481 patients who had been treated with clozapine for up to 18 weeks: 431 (90%) had an ECG, 204 (42%) had measures of the amount of CRP or CK in the blood, and 138 (29%) had been tested for troponin or B-type natriuretic peptide (BNP) blood levels.

To determine the proportion of patients who had been assessed weekly for side effects within the first month of treatment, 70 patients who had been receiving clozapine for fewer than 4 weeks were excluded. Of the remaining 411 patients treated with clozapine for between 4 weeks and 18 weeks, 55 (13%) had no documented assessment of side effects in the first month of treatment while 88 (21%) had documented weekly assessments using a structured assessment tool and 210 (51%) had documented weekly assessments but without the use of a structured assessment tool. For 58 (14%) patients, assessment of side effects was documented as having occurred less frequently than weekly, with a structured assessment tool being used in 17 (29%).

Longer-term medication review {#section11-2045125320937908}
-----------------------------

From the clinical records of the 5908 patients treated with clozapine for more than 1 year, data were collected on the measurement of blood pressure, pulse rate, body weight, plasma lipids and plasma glucose, as well as a general physical examination. As can be seen from [Figure 3](#fig3-2045125320937908){ref-type="fig"}, there were documented measures of blood pressure for 5001 (85%) patients and body weight/BMI for 4757 (81%) within the past year, while for plasma glucose and plasma lipids, the proportions were slightly lower at 4605 (78%) and 4292 (73%), respectively. Physical examination was documented for 3275 (55%) patients. In 422 (7%) of these patients, none of these physical health checks were documented in the clinical records in the previous year.

![Documented measurements in the previous year of blood pressure, pulse rate, body weight, plasma lipids, plasma glucose and a general physical examination in 5908 patients treated with clozapine for more than 1 year.\
BMI, body mass index; HbA1c, haemoglobin A1c.](10.1177_2045125320937908-fig3){#fig3-2045125320937908}

There was documented evidence that an ECG had been conducted in the last year for 3072 (52%) patients in this subsample receiving continuing clozapine treatment for at least 1 year. CRP or CK had been measured in 945 (16%) patients and troponin or BNP had been measured in 295 (5%), while an echocardiogram had been conducted for 59 (1%).

In the patients prescribed clozapine for more than 1 year, information was collected on medications prescribed to manage side effects associated with clozapine treatment. Medication was prescribed to treat hypersalivation in 1701 (29%) patients, oesophageal reflux/nausea in 1178 (20%), dyslipidaemia 1138 (19%), type 2 diabetes in 796 (13%), hypertension in 644 (11%), tachycardia in 477 (8%) and nocturnal enuresis in 104 (2%), and to treat or prevent constipation in 1642 (28%), seizures/fits in 287 (5%) and weight gain in 125 (2%).

A total of 5633 (95%) patients had a diagnosis of schizophrenia spectrum disorder, of whom 1803 (32%) were prescribed a second antipsychotic in combination with clozapine. The two antipsychotic medications most commonly coprescribed were amisulpride (*n* = 683, 38%) and aripiprazole (*n* = 613, 34%). In addition, other psychotropic medications were commonly coprescribed: an antidepressant medication for 2096 (37%) patients, valproate for 1000 (18%), a benzodiazepine for 840 (15%), an anticholinergic agent for 726 (13%) and lamotrigine for 293 (5%).

Discussion {#section12-2045125320937908}
==========

Pretreatment screening {#section13-2045125320937908}
----------------------

Clozapine treatment is associated with the emergence of cardio-metabolic risk factors such as weight gain, an adverse lipid profile and the development of diabetes. Before treatment is started, relevant baseline measures, specifically heart rate, blood pressure, body weight/BMI, plasma lipids, plasma glucose or HbA1c and a general physical examination, are recommended across relevant, evidence-based treatment guidelines such those by the Scottish Intercollegiate Guidelines Network,^[@bibr22-2045125320937908]^ NICE,^[@bibr17-2045125320937908]^ the Maudsley prescribing guidelines^[@bibr18-2045125320937908]^ and the Royal Australian and New Zealand College of Psychiatrists.^[@bibr23-2045125320937908]^ These baseline measures were not fully documented for about one in five patients in our audit subsample, for whom the ability to assess the nature and severity of the emergent side-effect burden of clozapine treatment would therefore be limited. However, most patients had a baseline ECG in their clinical records. Although treatment guidelines do not consistently recommend conducting a baseline ECG prior to starting treatment with clozapine, it may be considered good practice to do so as it allows certain contraindications to clozapine treatment to be identified and provides a valuable reference should cardiac side effects emerge subsequently.

Early on-treatment monitoring {#section14-2045125320937908}
-----------------------------

The first few weeks of clozapine treatment, which are almost always a period of dosage titration, are commonly associated with hypotension and tachycardia, as well as side effects such as fever, hypersalivation and nocturnal enuresis.^[@bibr12-2045125320937908],[@bibr24-2045125320937908]^ While the Maudsley prescribing guidelines^[@bibr18-2045125320937908]^ recommend daily measurement of heart rate, blood pressure and temperature during dosage titration, other guidelines refer to blood pressure measurement after 1 month of treatment^[@bibr17-2045125320937908],[@bibr22-2045125320937908]^ or more generally to the need for blood pressure monitoring.^[@bibr23-2045125320937908]^

In the first 2 weeks of treatment, there were documented daily measures of temperature, pulse rate and blood pressure in more than three-quarters of the subsample of patients for whom this information was collected. In the first month of treatment, at least weekly assessment of possible clozapine side effects, such as weight gain and constipation, was documented in almost three-quarters of such cases and for one patient in five a structured side-effect assessment tool was used. The full side-effect burden associated with clozapine treatment may only be ascertained by sensitive questioning and systematic inquiry, which will be facilitated by the use of a structured side-effect assessment tool, allowing side effects to be elicited more systematically and comprehensively.^[@bibr25-2045125320937908],[@bibr26-2045125320937908]^ However, even when side effects had been reviewed in this early treatment period, such tools were used relatively infrequently, limiting the assessment of the side-effect burden as well as the ability to record and communicate this. Further, the limited documentation of the assessment of side effects may represent, in at least a proportion of cases, a missed opportunity for the prescriber to discuss any emergent or worsened side effects with the patient, and to tackle these appropriately. Such discussion, with a patient reporting on their subjective experience of medication in terms of both beneficial and adverse effects, is key to maintaining prescribing as a collaborative process and supporting continued adherence to a medication regimen.^[@bibr27-2045125320937908]^

Monitoring for myocarditis {#section15-2045125320937908}
--------------------------

Clozapine treatment is associated with a range of adverse effects involving the cardiovascular system, including hypotension, tachycardia, cardiac arrhythmias, cardiomyopathy and myocarditis. Clozapine-induced myocarditis is most likely to present in the first 8--12 weeks or so of treatment,^[@bibr12-2045125320937908],[@bibr28-2045125320937908]^ but the reported incidence varies widely, at least partly because the rate of detection seems to be largely dependent on the intensity of cardiac monitoring.^[@bibr29-2045125320937908]^ While some studies conducted in Australia have reported the development of myocarditis early in treatment in up to 3% of patients,^[@bibr30-2045125320937908]^ other studies conducted internationally have found the risk to be considerably lower.^[@bibr31-2045125320937908][@bibr32-2045125320937908][@bibr33-2045125320937908][@bibr34-2045125320937908]--[@bibr35-2045125320937908]^

The clinical symptoms and signs of clozapine-induced myocarditis may be rather nonspecific and there are no definitive diagnostic criteria.^[@bibr4-2045125320937908],[@bibr28-2045125320937908]^ Further, treatment guidelines vary regarding the utility of monitoring using markers of inflammation (CRP, erythrocyte sedimentation rate) and cardiac damage (troponin, BNP).^[@bibr15-2045125320937908],[@bibr16-2045125320937908],[@bibr18-2045125320937908],[@bibr36-2045125320937908]^ The current Australian and New Zealand guidelines^[@bibr23-2045125320937908]^ recommend a baseline measure of troponin while the Maudsley prescribing guidelines^[@bibr18-2045125320937908]^ refer to a monitoring algorithm for the detection of treatment-emergent myocarditis^[@bibr15-2045125320937908]^ that includes weekly CRP and troponin measures in the first month of treatment. In those patients in our audit sample who had been receiving clozapine for fewer than 18 weeks, which covers the key risk period for myocarditis, less than half had measures of CRP or CK and just over a quarter had been tested for troponin or BNP levels. A limitation of these audit data is that it is not known whether such tests were conducted as routine monitoring, or prompted by cardiac symptoms or aberrant investigation results, such as raised eosinophils. Further, given the uncertain magnitude of the risk of developing clozapine-induced myocarditis and/or cardiomyopathy and the lack of consensus in clinical guidelines regarding screening and monitoring for these conditions, the practice identified is not open to a judgement on quality and simply reflects current practice in UK mental health services.

Longer-term monitoring {#section16-2045125320937908}
----------------------

For longer-term monitoring of patients on continuing clozapine treatment, assessments of body weight/BMI, plasma lipids, plasma glucose and ECG are generally recommended annually.^[@bibr15-2045125320937908],[@bibr17-2045125320937908],[@bibr22-2045125320937908],[@bibr23-2045125320937908],[@bibr37-2045125320937908]^ In the subsample of patients prescribed clozapine for at least 1 year, there were documented measures of blood pressure and BMI in the last year for four out of every five patients, while for measures of plasma lipids and plasma glucose this proportion was slightly lower at around three out of every four. For about 1 in 14 of these patients, none of these physical health checks had been documented in the previous year.

There was documented evidence that an ECG had been conducted in the past year for just over half of this subsample of patients receiving maintenance treatment with clozapine. Testing for CRP or CK levels had been conducted for 1 patient in 6 while tests for troponin and BNP levels were conducted in 1 patient in 20. An echocardiogram, a more specific test of cardiac functioning, was documented for 1 patient in 100. While it is likely that some of the less specific tests may have been undertaken as part of routine monitoring, the more specific the test, the higher the probability that it was conducted because the patient had symptoms that were suspected to be cardiac in origin.

The vast majority of patients prescribed clozapine for more than 1 year had a diagnosis of a schizophrenia spectrum disorder, of whom almost a third were coprescribed a second antipsychotic medication. These prescriptions were most commonly for amisulpride or aripiprazole, which could be considered reasonable choices based on their pharmacology and known side-effect profiles: for example, aripiprazole augmentation of clozapine treatment is associated with modest benefits in respect of weight gain and plasma lipids.^[@bibr38-2045125320937908]^ It has become custom and practice to augment clozapine with a second antipsychotic when the response to clozapine monotherapy has proved to be suboptimal. However, the risk--benefit balance for such a strategy for clozapine-refractory schizophrenia is uncertain.^[@bibr5-2045125320937908],[@bibr39-2045125320937908],[@bibr40-2045125320937908]^ The nature of the other psychotropic medications coprescribed with clozapine in these patients suggests that clinicians are using pharmacological strategies to target persistent symptoms and behaviours such as affective disturbance, negative symptoms, aggression and hostility.

At least two-thirds of all patients who had been prescribed clozapine for more than 1 year were prescribed other medications to help manage the side effects of clozapine treatment. Medications that target hypersalivation and constipation were prescribed for more than one patient in four. Treatment for symptomatic oesophageal reflux was prescribed for one patient in five. Weight gain is a very common side effect associated with clozapine treatment, but the data suggest that, aside from the possible use of aripiprazole for this purpose, this was not managed with pharmacological strategies in the majority of cases; such an approach is consistent with the limited effect that anti-obesity medicines have on mitigating clozapine-related weight gain.^[@bibr41-2045125320937908]^

Conclusion {#section17-2045125320937908}
==========

Analysis of the data collected in this national clinical audit suggests that for the majority of patients prescribed clozapine in mental health services, physical health screening and side-effect monitoring are in line with recommended practice, although there was only limited use of structured side-effect assessment tools. Monitoring for clozapine-induced myocarditis during the early risk period, using markers of inflammation such as CRP, and troponin and BNP for cardiac damage, was less consistent, which may be partly a consequence of variations in the guideline recommendations for monitoring for myocarditis and partly because the use of such tests will, in some cases, have been prompted by the emergence of cardiac symptoms.

The relatively common combination of clozapine with another antipsychotic medication and the prescription of additional psychotropic medications for the majority of people on longer-term clozapine treatment may well increase the likelihood of side effects and physical health concerns.^[@bibr42-2045125320937908][@bibr43-2045125320937908]--[@bibr44-2045125320937908]^ Such polypharmacy may lead to adverse drug--drug interactions and prescribing cascades, where a medication event is misinterpreted as a new medical condition, and a second medication is prescribed.^[@bibr45-2045125320937908]^ Such considerations reinforce the need for continued systematic monitoring of physical health and the side-effect burden for such patients.^[@bibr46-2045125320937908]^

Each participating trust received a customised report of the audit findings, showing its performance against the practice standards, benchmarked against the other participating trusts and also allowing the performance of each service within the trust to be compared.^[@bibr47-2045125320937908]^ Clinicians were invited to reflect on their level of compliance with the practice standards in their clinical service and their performance relative to other services, identify key areas for improvement and consider appropriate QI activity. There are published examples of local service interventions that have been tested to engender more consistent and effective physical health monitoring, usually including the provision of information on recommended clozapine monitoring to clinicians and the introduction of formal systems to support such monitoring.^[@bibr48-2045125320937908][@bibr49-2045125320937908][@bibr50-2045125320937908]--[@bibr51-2045125320937908]^ Whether any improvements seen with such QI interventions are maintained in the long term is unknown. However, the impact of the feedback on the baseline audit data to clinical services in this POMH QI programme will be tested with a re-audit after 2 years.
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